NACA TN No.-i975

. . )\‘ v a
4 o
L

. ¥ . .
LR el ) _’d' -

20 MAY 1948 | \\_é%

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE
No. 1575

THE EFFECT OF VARIATIONS IN MOMENTS OF INERTIA ON SPIN AND
RECOVERY CHARACTERISTICS OF A SINGLE-ENGINE LOW-WING
MONOPLANE WITH VARIOUS TAIL, ARRANGEMENTS,
INCLUDING A TWIN TAIL

By Anshal I. Neihouse L—"

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

Y

Washington
May 1948

FOR REFERENCE

NOT TO BE TAKEN FROM THIS ROO/K

NACA LT v
v MEMORIAL A
LANGLEY 2 | BORATORY

Langley Field, V2.

7
1

LRUNAUTICAL



LRI

01433 9247
NATTONAL ADVISORY COMMITTEE FOR AFTRONAUTICS
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THE EFFECT OF VARTATIONS IN MOMENTS OF INERTTA ON SPIN AND
RECOVERY CHARACTERTSTICS OF A SINGLE-ENGINE LOW-WING
MONOPLANE WINTH VARIOUS TATL ARRANGEMENTS,
TNCLUDING A TWIN TATL

By Anshal I. Nelhouse
SUMMARY

An investigation has been conducted in the Langley 15-foot free-
splnning tunnel on a research model, representative of a present-day
trainer or a four-place cabin monoplane, with varied moments of imertia.
The tests were made for eight different wing arrengements end four
different tail arrangements, including a twin tail. The moments of
inertia about the three alrplsne axes were increased or decreased by a
constant percentage and the results were compared. Comparison is also
made between these results and those previously presented for conditions
with the airplane relative denslty varied.

The results of varistion of moments of inertia indicated that, within
the range of the present tests, uniformly decreasing the moments of inertia
led to steeper spins, higher sngular and vertlcal velocities, and faster
recoveries. Comparison of these results with results of previous tests
indicated that adding weight at the center of gravity up to 50 percent of
the basic welght led to higher rates of descent and rotation, had little
effect upon recoverles when the elevators were up, and generally had a
somevwhat adverse effect upon recoverles when the elevators were neutral or
down. The results also indlcated that the twin-tall configurstion was a
very effective arrangement as regards spin recovery.

INTRODUCTION

Spin-~tunnel experience has indicated that moments of inertia may have
significant effects upon the spin and recovery characteristics of an air-
plane. In order to make avallable additional results on the effects of
moments of inertia, the results of an investigation conducted during 1939
on a low-wing airplane model in the Langley 15-foot free-spinning tunnel
are presented in this paper. Eight different wing arrangemsnts and four
different taill arrangements, including a twin tail, were investlgated.

The investigation was an extension of the research conducted with the low-
wing airplane model reported in references 1 to 5. N

.
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2 NACA TN No. 1575

For the investigation referred to herein, moments of Ilnertia about
the three alrplene axes were increased or decreased by a constant per-
centage. BSuch changes would occur on an alrplane if items of load. were
shifted along both the wings and the fuselage. The present results are
congidered comparable to those previocusly obtained when the relative
density was varied (reference 5). In reference 5, the results presented
wore for loadings obtained by increasing or decresasing the moments of
inertis and at the same tims altering the weight correspondingly in order
to keep the radll of gyration constant. For the present tests, corre-
sponding momeni-of-insrtia varilations were made but the welght was main-
talned constant.

The +taill arrengsments varled from a short rudder above a shallow
fuselage to a full-length rudder and ralsed horizontal tall on a deep
fuselage, and also Iincludsd & twin-tall design. The wing variables were:
tip shape, airfoil section, plan form, thlckness, and landing flaps.

SYMBOLS
b wing span, feet :
s wing area, square feet
c ' wing mean chord, inches (%)
x/c ratio of dlstance of center of gravity rearward of

leading edge of wing mean chord to wing mean chord

z/c ratio of distance between center of gravity and thrust
line to wing mean chord (positive when center of
gravity is below thrust line)

m. masg of alrplans, slugs

P air density, slug per cubic foot

N airplane relative-density parameter (;g;

Iy, Iy, Iz moments of Inertla about Xé Y, and 2 bbdy axes,
respectlively, slug-feet

ky, ky, kg radii of gyration about X, Y, and Z body axes,

respectively, feet

Iy - Iy

5 inertia yawing-moment parameter
mb ’
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IY - IZ
2 inertia rolling-moment paramster
m R
IZ - Ix .
— inertia pitching-momsnt paramster
mb
Iz, - Iy
E——_—E— Insrtia rolling-moment and yawing-moment parameter
Zz - X ' -

a angle betwsen thrust line and vertical (approximately
equal to abaclute value of angles of attack at plane
of symmetry), degrees

P angle between span axis and horizontal, dsgrees

v - model rate of descent, feet per second

Q modsl angular veloclty about spin axls, radians per

second
APPARATUS AND METHODS

The tests were conducted in the Langley 15-foct free-spinning
tunnel which has since been superseded by the larger 20-foot free-
spinning tunnel. A general description of model construction and testing
technique 1n the lLangley 15-foot free-spinning tunnel is given in
reference 6. Use of a launching splndle has, however, been replaced by
launching the model by hand into the vertically rising air stream. A
photograph of a model spinning in the Langley 20-foot free-spinning tunnel
is shown as figure 1.

The basic condlition of the model for the present investigatlon was
glmilar to th2 baslic conditlon refsrred to in rsference 5. The model is

considered to rspresent a %;-scale model of a current trainer or a four-
place cabin monoplans. Filgurs 2 1s a two-view drawing of the basic model,
and photographs of the basic model ars shown as figure 3. The wing and.
tail surfaces were 1ndspsndently removable and interchangeable to permit
testing any combination. The exchange of surfaces could be made without
any change in mass distribution. The mass distributlon, howsver, could
be independently variesd by ths relocation of weights.

The verious wing configurations used ars shown in figure 4 and are
designated as follows:

Wing 1 - NACA 23012 ssctionj rectangular plan formj; Army tips.

Wing 2 - Seame as wing 1 with 20-percent full-span split flaps
- deflected 60°.
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Wing 3

NACA 23012 section; rectangular plan form; rectangular
tips.

Wing 4 - Same as wing 3 with failred tips.
Wing 5 - NACA 0009 sectionj rectangular plan form; Army tlps.

Wing 6 - NACA 6718 section; rectangular plan_Eorm; Army tips.

Wing 7 - NACA 23012 sectlon; 5:2 taper ratio; Army tips.

Wing 8 - NACA 23018-09 section (standard Army wing); 2:1 taper

ratlo; square center; Army tips.

Photographs of the wings are shown as figures 5 ang 6. Figures 2
eand 3 show the model with the basic wing (wing 1) and tall C installed.
This wing 1s of NACA 23012 section with rectangular plen form and Army
tips. In common with the other wings, 1t has an area of 150 square
inches, & span of 30 inches, and no dlhedral, twist, or sweepback. Thé
other seven wings heve variled dimensicnal characteristics as 1ndicated
in figures U4 and 6.

Each wing wes mounted on the model at an angle of Incidence equal
to the angle of zero 1lift for the partlcular section.

The four teil conflgurations used are designated tails A, B, C,
and D and are shown in figures 7 and 8. Taill C had a shallow fuselage
with rudder coapletely above the tall cone. Tall B wasg derived from
tall C by increasing the fuselage depth, raising the stabllizer and the
elevators, and installing the original fin and rudder atop the deepened
fuselage. Tall A was similer to tall B except for full-length ruddsr
construction and sllightly increased elevator cut-out. Tail D has the
same areas and tall lengths as tall C. The verticel tall area was redis-
tributed to form two vertical talls of clrcular plan form, each having
half the original area. The dimensional characteristices of the varlous
tail arrangements are glven Iin table I. The tall-damping power factor
was computed by the method described in refersnce 7. The stabilizer was
set at zero incildence for each tail. There was no fin offset. A
clockwork delay-action mechanism was installed in the model to actuate
the controls during recovery tests.

The full-scale dimensicnal characteristics for this model (assumed
1/15 scale) with any one of the wings shown in figure 4 and with tail C
Instelled would be:
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Mean wing chord, inches « « + + ¢« + ¢ ¢ ¢ & « « s o s o « o« o« o« s« « = T5
Span, feet .+ « ¢« « ¢ ¢ 4 4 4 e e e 4 e s s e e s e e s e e e s« s 375
Wing area, square £t . « « « « s s o o + o & o 4 0 . o4 o« . . . 2344
ASPOCE TAEI0: « ¢ 4 4 et 4 e s e e e e et e s e e e e e e e e e . B
Distance from quarter-chord point to elevator hinge, feet . . . . . 16.6
Distance from quartér-chord point to rudder hinge, feet . . . . . . 16.9
Pin area, square £80t . « + « « & « o o o « o o« o s 4« o 4 o o« .. 6.8
Rudder area, squars feet . . « . ¢ ¢ ¢ « ¢« v o ¢ 4 0 0 o0 ... 6.9
Stabllizer area, square £t .« + + « o + 4 ¢ e . 4 e . 0 . . . . 19.8
Elevator arsa, square feet . . . . « . « « + . . . . . 0 . . . . . 12,9
Control travel, degrees

RUGAST « « ¢ v ¢ o o o o o o o s o s o e s e e 4 e e s e e . 130

Blovator UD « « o &« o o o o o o o o s o & s o o s o« o« + « + o« « &« 30

Blovator AOWIL « ¢ « ¢ o ¢ o o o s o o o o o o a o o s s o« o « 2 « 20

The model was ballasted by the installation of proper lead welghts
to represent an airplane spinning at 6000 feet altitude (p = 0.001988).
If the model were arbitrarily assumed to be 1/15 scale, the corresponding
characteristics for the baslc loading and for the loadings with moments
of inertia decreased and increased would be the values given in table IIT.
The moments of inertla were decrsased epproximately 16 percent of the
basic values and increased approximately 24 percent. It was noted for
the present investigatlion that, with the moments of lnertia decreased, the
actual values of the moments of inertia were about the same as those for
the low relatlve-denslity conditlon previously presented in reference 5.
With the moments of Ilnertla Increased, the Increases were approximately
60 percent of the corresponding increases obtained for the high relative-
density condition.

PRECISION

The model test results presented are helieved to be the true values
glven by the model wilthin the following limits:

Ay, QOAYBOS « + = & « ¢« o o s 4 e 4 s e e W e e e e e e e s e e . T
P, GOETOO8 « + « « 4 « 4 = 4 4 4 e e e e e e e e e e e e e e .. L
Vy,Dercont o & v v v v v e 4 et et 4 e e d e e e e e e e s e .. 15
Q, POTCONT + ¢ ¢ o ¢ ¢ ¢ 4 v 4 s 4 e e e s e e e e e e e e e e e e . E2
Turns for recovery '
when obtained from motion-plcture records . . « + ¢« « ¢ ¢« « + & +1
when obtained by visual egstimate . « « ¢ ¢« ¢« ¢ ¢ & ¢ o o o« + o« & i%

The preceding limlts may have been exceeded for those spins for
which it was difficult to control the model in the tunnel because the
rate of descent was high or because the spin was wandering or oscillatory.
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The accuracy of-measuring the welght and mass dilstribution of the
model 1s believed tc be within the following limits:

Welght, Porcent . + « v v o v v o v v o v a™e oo Gie a s i e v TL
Center-of-gravity location, percent C o o o o o o o o v o0 4 2w e e o EL
Moments of inertia, percent « . « « « « « ¢« o v e 0 v v 0 v v 0. o 35

The controls were set with an accuracy of *1°.

Teste made st —the baslec, or normal, loadlng were repeat tests, and
the results agreed felrly well wilith corresponding results of reference 35,
although the agreement was not always exact as a result of ilnadvertent
slight damages to the model resulting from testing.

TESTS

For each wing and tail combilnation with sach set of values of the
moments of inertia, spin tests were made for four control settings:

(2) Rudder 30°% with the spin, elevators 30° up
(b) Rudder 30° with the spin, elevators neutral
(¢) Rudder 30° with the spin, elevators 20° down
(4) Rudder neutral, elevators neutral

Recovery from (b} and (c) wae attempted by reversal of the rudder,
recovery from (a) by complete reversal of both controls as well as by
reversal of the rudder alone, and recovery from (4) by moving the rudder
full agalnst the spin and the elevator full down. Allsrons were not
deflected during the investligation.

RESULTS AND DISCUSSION

The results of the spin tests of the model are presented in
tables IIT to XI. Tables XII to XIX present a comparison of resulis
obtalned with the moments of lnertie decreased with the corresponding
results previously obtained with the relative density decreased and thus
afford a determination of the effect of variation in welght at the center
of gravity. All results are presented In terms of model values. Conver-
sion to full-scale values may be obtained by methods described 1n
reference 6.
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Effects of Moment-of-Inertia Variatlions

Tables III to X indicate that, when the rudder was initially with
the spin, the qualilteative effects upon the spin and recovery character-
istics of variation in the moments of inertia were generaslly the same for
each of the tall and wing arrangements tested. In general, decreasing
the moments of inertia led to steeper spins and more repid recoveries;
whereas Increasing the moments of inertia lsd to somewhat flatter spins
and slower recoveries. The anguler and vertical veloclties in the spin
increased as the moments of inertia decreased, and vice versa.

Table XI presents the results of tests for decreased, basic, and
increased values of moments of Imertia when all the controls, including
rudder, were neutral. When the twin tail, tail D, was installed, no spin
was obtalned for any wing arrangement or any moment-of-inertia condition.

As previously Indicated, the results presented in reference 5 were
for loadings with varied relative densities which were obtained by
changing the moments of inertie and at the same tims changing the weight
to keep the radil of gyration constant. Comparison of the current resulis
with those presented in reference 5 indicates that, for the range of mass
varlation considered in this investigation, systematic changes in momsnts
of lnertia will affect the recovery characteristics in a manner similar
to that brought about by changes in relative density involving similar
moment-of-inertlia variations, particularly when the elevators are up. It
thus appeears that the changes In moments of inertia assoclated with a
change 1in relative density are primary factors affecting the spin recovery.
In tables XII to XIX, results with moments of inertia decreased are
compared with results for relative denslty decreased for the dlfferent
wing arrangements. The condition with moments of inertia decreased repre-
sents the model with weight in at the center of gravity; whereas the
condltion with the relative density decreased represents the model with
the weight out at the center of gravity. The difference in welght was
approximately 25 percent. When the elevators were up, the recovery charac-
teristics for the two loadings were quite similar although the rates of
descent and the angular velocitles 1n spins were higher with the weight in.
When the elevators were neutral or down, the results were not always
consistent, but a small adverse effect upon recovery charadteristics
appeared to result from adding weight at the center of gravity.

Although no comparison is presented herein, the test results with
moments of inertia increased may be compared wlth corresponding results
from reference 5 with the relative density increased. The difference in
these two loadings can be considered to represent the effect of added
wolght at the center of gravity of approximately 50 percent of the basic
welght. As previously mentioned, the moment-of-inertia chenges were not so
groat as those made in reference 5, but the general conclusions to be drawn
are qulte similar to those drawn from the comparison masde between decressed
moments of inertia and decreased relative density.
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Effects of Tail and Wing Arrangement

Comparison of the results for talls A, B, and C for any moment-of-
inertia condition indicated that talil A gave the mostraplid recoverles
end tall B gave the steepest gpins but slower recoverles; tall C gave the
glowest recoveries. The effects of wing and loading variations were most
apparent-for tail C. With the twin tail D installed, splns for any
moment-of -lnertia condition were generally as steep as those for tall B,
but recoveries were as good as or better than those for tail A. Tail D,
as previously Indicated, was formed by the use of vertlcal fin and rudder
areas equal to those for tall C, and the lmproved recovery characteristics
obtalined with the twin-tall configuration indicates that it is a very
effectlve arrangement as regards spin recovery. The dlfference in results
cbtained for tails A, B, C, and D are in agreement with the findings of
reference 8.

For any moment-of-inertia conditlon, the wings with rectangular end
faired tips (wings 3 and 4) gave the steepest splns, the most outward
sideslip, and the most-rapid recoverles. The rectangular wing with Army
tips (wing 1) comsistently gave flatter spins and slower recoveries.

Even slower recoveries were obtained for the wing with 5:2 taper (wing 7).
The wing with NACA 6718 section (wing 6) led to spins in which the inner
wing was down a relatively large amount. Flaps deflected 60° (wing 2)
generally retarded recovery. The Army standard wing (wing 8) generally
gave more satisfactory recovery characteristics than the baslc rectangular
wing. .

The NACA 0009 section (wing 5) led to faster recoveries when the
moments of inertia were decreased than did either the 23012 or the 6718
section; whereas, when the moments of inertia were increased, the
NACA 6718 section (wing 6) led to the fastest recaveries. These results
may be explained on the basls of reference 9, which indlcates that

Ix - Iy
b > i
during the spin is favorasble, and vice versa. It was noted that—when
wing 5 was jinstalled on the model, the outboard wing tip (left tip in a
right spin) was tilted down; whereas when wing 6 was installed, the
inboard tip was down. Also, the relative mass distribution along the

Iv - I
fuselags was decreased (}E;———X became less negatiwg'when the moments

mbhe

of lnertia were dscreased, and vice versa.

as becomes more negative, downward tilt of the inboard wing

The effects of tail anéd wing varlables were In genoral similar to
these previously reported in reference 5.



NACA TN No. 1575 9

Effects of Control Setting

Within the range tested, moment-of-1lnertle variations appeared to
have no appreciabls effect upon control effectiveness in producing
recoverles. Recoverles from spins with the elevator neutral and the
rudder with the spln were very similar to those from corresponding spins
wlth the elevators down. Except for the twin-tall, taill D, holding the
elevators up resulted in the steepest spins (from which the most rapid
recoverles wers obtained). For the twin-tall arrangement, elevators up
gave somewhat flatter spins than elsvators down. The simultaneous rever-
sal of the ruddsr from ruddsr with to rudder agalnet the spin and of the
elevator from up to down gave better recovery than only rudder reversal
for talls B and C (the tails with short rudders) but not for tails A
and’ D.

CONCILUSIONS

The results of tests mads on & research model wlth varisd moments
of inertias, and comparison with previous results led to the following
concluslions:

1. Uniformly dscreaesing the moments of 1nsertia led to steeper spins,
higher angular and vertical velocitlies, and faster recoveries.

2. Adding welght up to 50 percent of the baslc welight at the center
of gravlty led to higher rates of descent and higher angular velocitles,
had 1little effect upon recoverles when the elesvators were up, and gensr-
ally had a somewhat adverse effect upon recoverles when the elevators
were neutral or down.

3. The twin-tail conflguratlion was a very effective arrangement as
regards spin recovery.

Langley M?morial Aercnautical Iaboratory
National Advisory Commlttee for Aeronautics
Langley Field, Va., December 31, 19L7
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TAELE I.- DINFNSTONAT. CHARACTERISTICS OF THE VARIOUS TATL ARRANGEMENTS

Fuselage alde Vortiocal tatl Horizontal tail
t:gticai area (back and longth (from c/k Horizontal length (from ofk |p. ..
Talll e wing “belov leading point of wing to tall area point of wing to "’;"Pﬁﬂ
% aven).  |23@® of atebilizer)| rudder hings lime)| (percent wing area)|elevator hings line)| PO¥°r T8C0T0T
' (percent wing area)| (percent wing span) (percent wing span)
8 (rudder, 5; 1 (elevator, 5.5; -
A fin, 3) 3.0 k5 stabllizer, 8.5) I 136 x 10-6
6 (rudder, 3; 14 (elevator, 5.5;
B f1n, 3) b3 %5 stabilizer, 8.5) b 2]
6 (rudder, 3; 14 (elevator, 5,
¢ fin, 3 ’ 1.1 5 stabilizer, 8. 5 h ©
6 (rudder, 3; 1k (elovator, 5.5
P fin, 3} 1.1 45 stabllizer, 6.5) Lk 393

GLECT *ON NI VOVN

T
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TABLE, IT.- FULL-SCALE LOADINGS BASED ON ASSUMPTION OF f%_SCAIE MODEL

Loading with

Basic

Loading with

Ttem moments of 1 moments of
Inertia decreased cading inertia increased
Welght, 1b . L1720 k720 720
Iy, slug-ft°. 2310 2760 3380
Iy, slug-ft°. 3320 3970 4915
I, slug-£t°. 5040 6150 7700
I, -
o SlE S b9 x 107H 59 x 107H 75 x 1074
b
y-Iz ., -83 x 10°% 105 x 104 135 x 107*
2
Ip -Ix , ., 132 x 1074 164 x 10-%— 210 x 1o~%
me
Iz - Iy | 0.64 0.6k4 0.6k
T, - Iy
w (at 6000 £t). 8.4 8.4 8.4
xfe . . 0.25 0.25 0.25
z/c . 0 0 0
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TABLE III.-SPIR AND RECOVERY CHARACTERISTIOS OF A RESEARCH MODEL WITH WING 1
INSTALLED
[Bpin data presentad for allerons neutral, rudder with the spin; turns for recovery
measured when rudder alone is reversed fully and rapidly, except as noted; key to
table given at bottom of page}

Moments of inertis Moments of inertis
Decreased Basilo Increased Decresased Basic Increassd

/]

50.2| 1.8D 5.1 1,3 s54.7l2.8D : B 7% 3.7D .0l%.0 45.6]5.0D]
40.9 | 11.9 39.5 10. %o.0|9.5 Up ¥3.2| 10.7 83.2|10.7 82,3!8,3
1 1 1
1}, 1} 1%, 13 13, 1% 2k, 23 13, 2% 28, 2%
1
N, N S, Mg | (%, %% gt 13 13, "1z
53.2 | 0.6U 58,9{ 0.9 61.7/0.%0 49.7] 0.3% 52.510.20 53.0]{0.8D
36.4 [ 13. 15,5 12.5 35.0[11.5| voutral 38.2|13.1 37.3]11.9 38.2|10.5
of, 2} 3, % #* % , B b1z B o
53.1 | 1.30 59.1 o 61.0{1.1p s0.30.70] isz.ujo.3f  |s3.1}0.50
35.9 [ 14.q 3.5 12,8 35.0{11.5| Down 36.8013.1 36.8]12. 37.3]10.9
Bo
&o 3 3, 3 3%: 3% 3&» BIJE bE, bll (= o)

- Taii X
Ilevator

’M.u 5.3N 5.1 5,10 47.2|3.6D 45.9(2.7p 53.20.9D 56.9|2.0D
ua,3 |10. 43,2/ 9.8 41,887 Up Lo.ol11.6 37.7{11.0 37.7]10.2
24, 3% %, 4 ¢ o 13, 18 2, 2 2}, of
1, ‘11]1': al%, “1%: Y 3% 11%_.' .1E -.2%' 12% aaE' 33
£2.8/0.3 56.3| 0.6D 59.6{1.6D k7.0{0.5D 47.4 11,60 55.3|1.%D
35.0]13.1 35.5|12.2 35.5{11.1| Neutral 39.1|14.0 38.7 [12.1 36.4111.%
o o | [ XINETINEE
53.0{1. 56.3| 0.2D 59.6 1.6D 32.6|3.20 47.3 [L.5D 54.%}0.6D
35.0{13.7] 35.5(12,6 .5 114 pown 16.8{17.1 38.1 12,7 35.0[11.6
7. P » * o 3 1 3,3 3%, b
‘?:z::;r:s:i m:::e:.rn.l of both rudder and elevator. Hodel values (:.:3 ) 1 (st)
O means model did not recover. D I | =

(fps) [(rad/sec)

Turns for
recovery
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PABLE 1IV.- SPIX AND REOOVERY CHARACTERISTIOS OF A RESEARCH MODEL WITH WING 2
INSTALLED .

]:Bpa.n dats presented for silerons nsutrsl, rudder with the spin; turns for recovery
measured when rudder alone is reversed fully and rapldly, except as noted; key to
table given at bottom of pags]

oments of inertik . Homents of inertia
Deoreased Baslo Increased Decreased Basio Inoreased
4
w Flevator d) -

kg.2(2.7 51.9(2.7D 57.3{?.41: W, 7 [3.6D 46.2]3.0D
36.8{12,5] [36.4|10.8 35.90.0{ P 39.6 (9.5 38.2 8.4

2, 2 25 2 2f, 3 b, B i, P

&

F] Swl (% = | [

5l 811,401 58.4(0.9D 61.6 2.0D 52.4Jo kD 54,2 0.6D 56.%/1,0D

33.6j14.0 33.6/12.5 33.6 [11.5 34,1 13.4 34,6 2.1 34.6 10.6
T Reutral T So Yo

3, 3 "‘%) l"i >62" g ¢ H’E o« bt

51.6| o 57.2]1.9D 60.2 | 4.51 51.00.4D 54,3 L.2D 55.7 |o. &0

73.2]14.2 33.6]12.6 33.6 11.7| Down 34.1013.4 34,1 h2.4 34,1{11.1

EX v R I o B0 o

Tail 2 - Llevatar méa

g, 8j2.5D 52.0/2.6D 54.9 | 2,60 49.3 [2.4D 4.2 .90 57.7 L.ep
38.6]11.5 37.7]10.5 37.7 9.2 u, 36.4 12,3 35.9 [L1.3 15.4 ho.5
hCI’.'.' bcn >h, baj th bgg ;Er 23" 3, 3 3%'1 3%
abo  abe 3
l.eI]t. ‘2% 33%'13% Am‘lcco ‘2%' azé 13. a3 3%_‘, .11-
(e} (e) —
B [1.90 £0.1 |2.

50.5 [2.3D %’%. 1.39 76.5 1.gn 47.6 B..9D b |2 57.0 P.1D
35.5 13.4 23:5 E; E‘?Té %%Ig Neutral 35.4 13.8 5.0 {12, 34,1 [11.3
- o@ bcm . bm ”co 21]#, 2%: . 3% B, 4

(o) e
3 R0 8.710.5D
52.3 p.7D Ef% .6D ?a.; o.Ea 44,9 1-91{ 55.5] 2.0l
3.6 N3.8 2363.25 5 2232 pown No |spin .6l12.7  [3%.1]11.6
b b 1
"5, 25 ) a “co 3% 3% 5, b
‘Racovery by reversal of hoth rudder and elevator. o
BV1gual observation. Hodel values (aog) | (Zeg)
<O means nodel 41d not recover. U inner wing up L g
¢ spin is steep and osoillatory. D inner wing down ( v ) (r:ﬂ.; eo)
®Two types of epin. fps s
Turns for
recovery
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TABLE V.. SPIN AND RECOVIRY CHARACTERISTIOB OF A RESEARCH MODEL WITH WING 3
INSTALLED

ESp:.u data presented for ailerons neutral, rudder wlth the spln; turns for reocovery
measured when rudder alone is reversed fully and rapidly, except as noted; key to
table given at bottom of pege]

Moments of inertia Homente. of inesrtia
Decreased Basic Increased Decreased Basle Inoreased
... Elevator ~ (e} FL )
29.9 51.0{2.0D
54..6 40.0{9.1 Up
l% 1&
!.bl R jbl
51.41.70 57.9/0.20 25,1|5.30] 43,6 0.4
No |[spin 36 811.8 35.0{10.9| Neutral No [spin 61,5|12.k %0,9{10.5]
1 1 i 1
12: 1& EE, ZIJE 5 211'_1 2%
h9.7 | 2.41 56.3]1.30
No |[spin 26.% ] 12.1 35.0/11.0] poyn No japin
1
3 13 2, "%
°) Elevator (2]
0|5.30 33.013.30
54.6[ 1.8 61.5|9.0 Up 61.84
1 1
3 %’
)
4.7 | 1. 32.9 | 0.20 35.2{0.8D 24, 800,20 24.1/0.6D
L7.8 | 13, 5104 12.6 52.3|11.0} Neutral 50.0 4.3 56.8(12.6 54.6111.6

38,5 4. 37.7} 1.5 45.1{1.1U 30.2[10.80| 29.2|5.4y
bl 6§ 15,3 b5 k13, 3%.6111.1] Down 45.9|14.6 47.8113.5 50.0{13.1
1 1
1 1%‘ 2}, 3% 1& lK 111;
oC g
,:‘H.sua.l estimate. Model values (deg) (aeg)
cRecovery by both rudder and elevator reverssl. g inner ving :p v =
4 t . uner wing down
The spin is steep and oscillatory (r?-) (rad/sso)
Turns for
recovery

15
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TABLE VI.- SPIN AND RECOVERY OHARAUTEHISTIOS OF A RESEARCH MODEL WITH WING 4
INSTALLED .

Spin data presented for allerons neutral, rudder with the spin; turns for-<wecovery
measured when rudder alone is reversed fully and rapidly, except as notsu; key to
table given at bottom of pag

ments of ineriis Moments of inertia
Deoreased . Basilo Inoreased Decreased Basio Inoreased
=t (maE
- .Elevator (v} -]
31.4 0.4 45.6[1.0D 53.1]0.9D
52.5[11.8 4o,0p10.1 4g.0|9.2
1 T .1 g
¥ 1, if 13, 17
a a. a "y
<3 3 0 1§ M3
55.1 {2,60 59.9] 0.4U ’ 3%.1| © k6.2 o
Fo |spin 3.1 |12.2 35.0{ 11.0{ Neutral No lepin I7.8112.6 ho.9{ 10.§
2, 2 2, 2¢ 3 2}, 25

u.d;u 2,9 |1.00 37.4#.3 47.1} 0.7\i
10,

No |spin 34.ﬂm.4 35.0'|1%.2| poym No [spin u;.z{ 13. X 4o.9

it 2 2}, of 1 2, 2
Era P
[/
Elevator i

27.5{1.8D 7.6 | 3.30
61,512, 1.5{9.0 U No |data No [data No |data

1 Q 51

H »_ 3
!01 .'l ac ac

T g P

29,6{1210 7.4{2.60 ‘io L.5U 26.4 8,99
56.8{14.0 52.3|13.1 61.5 1.0 Keutral No |dats 54.4 12.8 ¥o |date

1 L

2 #t | 2 #

32.015.20 3103 1.7 7.9
Ko|spin 49 413.6 38.6 | 11.1 Down No |data Iy.8 13, Ho [dats
1 1 1 1
5 %3 3 1}, 13

"Reoovery by reversal of both rudder and elevator. oc [ 4
PTne spin 1s steep and oseillatory. %Odﬁn:;lx;g wp (deg} (deg)

°Yimial obserwation. D Anner wing down

v ey
(fps) |(rad/sec)

Turns for
recovery




NACA TN No. 1575

PABLE VII.- BPIN AND RECOVERY OHARACTERIBTICE OF A RESTARCH MODEL WITE WING 5
INSTALLED

Epin date presented for ailerons neutral, rudder with the spin; turns for recovery
moasured when rudder alone is reversed fully and rapidly, except as noted; key to
table given at bottom of pag_g

Maoments of inertis Moments. of inerti

Deorvased Basic Inoreased Decre aged Inoreased
Elevator o)
46.5 10.9D 0.7] O 5.2 }0.6D b5,7]4.8D]
sk hie| bo.ofs.e| Bo.sloe| w 13.2|8.7
1, 1} 1, 1 1%, 1} 1}, of
1, M % M3 Eli" 1t %

52.7 |2.7u 58,4 [L.20 60.4 0.8 E..l bod [s2.82.00 |53.1]0.50
5.4 3.2 35.0 2.2 34,3 11,2( Neutral hso.g 13.3 37.7]11.6 37.é| 10.
13, 1% 28, of 3, 3 1,1 3, % 5%, 11
52,3 5.6u| |s8.1|t.3w]  B9.6 p.1b 43.1 [5.60 53.31.80  |5%.6 b.7U
.6 [ih.0|  |34.1f1e.6] .1 ik | Down 29.1 3.8 6. 12,0 B6.% po.7
4, 14 23 2% % 3% 1, 1 o, 3 6 8

Elevator
36.5]1.9D 1.412.4D .9 | 3.9D 30.9[2.11: 'p;.a 3D 54,0 p..OD
47.8(10.5 1E.819.5 2.2 | &.4 U 55.0 [12.6 40,9 LO.5 38.2 9.6
b4 1%, 13 2, 2 3 b1, % 13, 18
ab. a a al a3 a a a *e1 al
B 2 # 1 3 13 3 IR
(a)
k7.5 1.@ -
33.5] 0 56.1|1.00 57.6 p.4D 32.3 [0.30 8.6 | 3.0 51.% 0.5y
uug:: 1.1 75.9{12.1 35.9 0.8 | Neutral 50.4 [14.3 b2.3 p2.7 37.2 [10.9
1 -1 1 B
2, 3% & D9 * ® o i P 2%, 2%
@)
3,0]3.00 ]
.9]32.10 56.7|1.00 57.0 [0.UD 36.3 {%.10 33.*4 2, 51.2 {0,170
ZaY  safies] s hiz) e us.9l5.7| %68 134 [k ju.e
1 b b ) o 1,1
3 3§ 8, ] oo if 11:’ 1E 2%’ 23
“R;cov;rybby- rlz:raal of both rudder and elevator. (OC) (d’ )
[ 1) -
°'l‘h:u:pig “r::“;nmd oscillatory. léodﬁn:;l,‘::;s up Aoe o8
o types of spin. D inner wing down \J <2
¢ oo means model would not recover. (fps) (rad/sec)

Turns for recovery|

17
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TABLE VIII,-SPIN AND RECOVIRY (QHARAOTEAISTIOS OF A RESEAROH MODEL WITH WING 6
INBTALLED

I_Epin data presented for allercns neutral, rudder with the spin; turns for recovery
measured when rudder alone is reversed fully and rapidly, except as noted; key to
table given &t bottom of pnge]

Moments of inertia Maoments of Anertia
Deoreased Basio Inoreased Decreased Basio Inoreaded

{ - - --— - flewveter (o) _ (o)
45.6|5. 7.8 | 5,uD 53.7[3.7D
41 412,12 .0 | 10.6 38,219.7 Up
b1, 1 by, 2 15 X
M ST "1, d15
Ro. | 2. 53.02.7D 58.7(2.6D 45.1 6.4D 47.12 (4.3 51.4 3.8
38.2 03,8 15 402214 35.0|11.2( Neutral 38.6]13.3 38,6 12,1 38.2 20.5

13 o}, 2} o, o 2, 2 2%, 3 3% 1

43,7 k.m 3.6 [2.7D 57.2|2.3D Li 6| 3.0D 47.0|2.7 9.5 4,0

37.7 kb 5.9 12,7 35.4/11.3| Down 37.7 13.9 37.7|12.5 37-111-
1 .1 T .1 y

3 13 %ok | |2 EIREXTINEYXE

Crai oy

1o} Clevator ®)
k9.4 7.7D 47.7 6.10
vp 40,9 12,6 4o.9 9.8
1 .
1 1&
1%, 13 13
(] e)
Lk.3 6. k4.7 [6.0D 47,25 4D 45.4 7.7D 45.2h0.0 L. d 5,7
39,1 13.4 ho. 4 (12,1 40.5|10,6| Neutral 37.7] 13.9 38.2]12.9 40.9{ 11.%
% 5% & M B 13,3 P13, g 13, 1f
. . ) )]
46 058D 46.2L,3D 0.5 |3.10 43,3 | 7.0D 45.6| 6.9 4.5'9, 30
19,1/14.3 ] 39.3]12.9 38.2 {11.3| Down 37.2 | 14.8 38.2|13.1 40.9|11.9
2, of 9 5, “eo 13 13 2, 2 1, 2
ec g
8Recovery by reversal of both rudder and elevator. Model values (deg} (aeg)
isual observation. U Anner wing up
The spin is steep and osolllatory. D Anner wing down \d -
©o means model would not recover, (fps)  |(rad/seo)
Very oscillatory. Turns for
recovery
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TABLE IX.- S8PIN AND RECOVERY CHARACTERISTIOS OF A RESEARCH MODEL WITE WING 7
INSTALLED

f_ﬁpin dats presented for ailerons neutral, rudder with the spih; turns for recovery
measured when rufider slone is reversed fully and rapldly, exoept as noted; key to
table given at bottom of pagﬂ

¥ompnts of inertia

Decreased Basle Incrassed
flevator
53.0|0.7D s5k.7] o 56.2 0.8D
39.111.8 37.2|10.7 38,6 5.8 Up
‘1%‘, li 1%; 12- 2, 2
bl%’blé bli,‘ bzi_ bai_' 'b3
59.2{0.1D, 59.8{0.2D 62.7 0.3D
3h4.1114.0 3k.1]12.6 35.4 11.3 | Heutral
T 1 .1
3% 3% 3% 3% 3 7
58.2|0.4U] 59.0{0.9D 62.9 0.9D
3, 1{1%.3 34.1]13.0 35.0 1.7 Down
2t 3 | [N %

. . _ Rlevator
59.0{1.1D 51.4!1.2D 53.5 0.8D
39.6{11.5 4o.4110.2 39.6 B.2 up

‘1%;. % 10, 10 ot
b1 b b ©
2%:' L b}r b°a> a(O ao
!56.0 0.2D 59.%|1.0D 60,5 fL.0D
35.4]13.6 34.6|12.9 35.0 1.5 | Neutral
a ac ac
oo oo an oo
57.8]0.3D 61.311.0D 63.2 1.6D
35.0 (14,3 34.1013.2 4.1 2.0 pown
a as ac ]
@ o a>

&Visual observation.

scovery by revérsal of both rudder and elevator.

o meéans model would not recover.
dThe spin is ateep and oscillatory.

Homents gf inertis

Decreaged Basic Increased
Tail B T
(&)
.2 | 2,50 45,.7]1.0D
3.2 | 9.8 1.k 8.5
X, 5%
'b3’ bh%
s5k.611.30 53.5 L.3U 55.4|0.4D
35.4%{12.8 36.% 1.8 38.6[10.5
6%‘-, 7% l.cao’tﬁm lom
53.6]1.30 53.70.2D 55.20.3D
35.013.2 35.902.3 35.9[11.0
5%:, 6%- .‘10, .'11 ac o
2111 ()
=t W
%¥2,6]1.3D 51.3 0.5D S5k.8|2.4D
&3.2110.8 38.6 p0.9 28.219.9
1 1 §
1, 1§ 1, 2% 1, 12
12, %2 2, *°pl 23, "2f
33.9/2.5D hg,7 1.0 54%.1{0.4D
b6 {1k, 8 377123 [35.9(12.1
S ANECINEE
21,50.9¢ ho,8 .20 53.9 {1.3D
Lg,6117.2 k5.9 k.3 135.9 11.5
1 1%! 2 3%1 }E
Model val o g
U :nn:r 32:; up (aeg) {aex)
D Anner wing down v <2
(rps) [(rad/sec)
Turns for
recovary
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TABLE X.- SPIN AND RECOVERY GHARAOTERISTICS8 OF A RESEARCH MODEL WITH WING 8
INSTALLED

Spin data presented for allerons neutral, rudder with the spin; turms for recovery measured
whefi rudder along 18 reversed fully and rapidly, exoept as noted; Xxey to table given
at bottonm of pag
Moments of inertis _ oo i . Moments of inertia
Increased Decreased Basic Increased

Deoreased
Tail B
Elevator (& (o) )
43.5 j0.5D 51.2 [t.2D 2.8 |1.60)
44,10 11.0 40,9 J10.2 39.6 |9.4 Up
1 i 1 1
alji ) &1%' 3.1% &1%' 5.2
(D] __ .
55.1/0.70 55.7|0.2D 60.5 |0.5D 46,2 2.2V 6.5 [1.1 52,2 10.4D
35.9]13.6 36.4]12.1 36.4 11.2 | geutral Lok [23.1 38.6 {11.2 39.110.3
1 2& ol ol 2% 1 21
2f, B, ¥ | = ' 3 ‘ 31:' 3! u%' l'l-i
52.9(2.1U sh.blo.ku 60.5 |05D k7.7)|2.70 U5.3 (20D 50.0(0.3U
35.9(|1%.2 36.4[12,5 36.% 11.5| pown bo.0|13.1 28,2 2.1 38,6.{10.5
T 1 - oL e
24 of 25, 25 sk, 3 2, 2% 3t 3% 5, 5%

Tail S o W
0) i JL . S Elevator 55

40.4 3.9D 29.9(6.3D 47.3 5.8D 49,3(1.7D
49.6 .5 Up 52.3[12.6 47.8 D0.5 40.9(9.5
1 1 2 1}, 13
g PR i
. _ (c) (©)
4g.2|1.60 52.3|0.3V 55.3 {L.0D o 32.1{5.5D
37.7(13. 1 37.7[12.2 37.2 0.9 | Neutral 52.3 38.6|10.9
3 4 s, "i2| %, ‘e 2 2%
i . (). . (9] )
51.1/2.9U sk, L 0.5U 56.8 |1,0D 33.3(1.0D 5.7D
37.2[14.2 36.8|12,7 36.% 1.4 | Down 52,3|15.0
5, 5 13, big va
s"l'i.ecow.u'y by revereal of both rudder and elevator. M oc ]
Visual observation. UOQ;%n:;:L::: (deg) (deg)
SThe spin is steep and oscillatory. D inner ,,mg P - —

oo means model would recover.

v
(fpa) (rad/sec)

Turns for reacove:
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TABLE XI.- sPIM CHARACTIRISZIOS CF & REBEARCE IDDIL WIZE ALL OONTROLS NEUTRAL

Eum for recovery measursd when rudder is Eoved to Zull against the spin and the elevator
s moved to full down; key to table given a% bottal. of pcg_ﬂ

Momonta gf inertig s of inersl
Inoreased Deoreased Basic Inoreased Dacreased Basio Increased
~

/]

| maol  [xe.do.6q 285 0.6q [ st.qo.a]  [50.60.20 s:..s[u 6p
¥ing 1 38,6 lo.7 36.6 13,1 [ 386/ 11.4 | 37.7 10.¥ 36.8(13.01 [35.0[12.1] |38.0 [n.; L]
33 2,2 || 55 feo s, 12 Ly,
D) ] .
9z, .6[2.3D
53.Y 1.50 56.8 .70 _5;__9_3}4 56.2{ 1.50) 52.9|1.6D BE 1308 7.3 o.;n
vang 2 Xo ppin||35.9 12,4 b5 1.0 Ko fpin || 306120 [ w.q10.8  |3s0fua| BT-2136:Y (B3 153 @
3%, x 7}- >7} % e fo teoll l too
te)
¥icg 3 _Ho ppin Yo gpin ¥o spin No ppin Yo ppin Xo | spin| No [spin|| ¥o [spin fa}
(1)
#ing & Mo jspin || Mo spin || Mo lspin ¥o poin ([ o ppin || Wb | epin No [spin|} Xofspin ©)
] _!__I e olhan ] o[ M1 00 [53.4 © . 56.0| 0.4} [57.0 0.0
Wing 5 Yo [ spig r:tpu [38.2 po.6 ¥o ppin || 39.] 11.§ 37'7L1°" o |spin |36.4{12.0] |35.9 [11.0 @)
ok, of o} || o 7 7. 8 ‘e
| ] w1660 {s6.d5.00 [us.a]r.00] [w.7] gm0} [us.1]6.70
wing 6 %o ppin Xa lllp: Yo [spin ¥o | spin| | 38.6] 12.1 | ¥0.6 10.5] 39.3)13.4| [ko.5}12.1 IO.Z 10.5 fa
a
. % 3 3 ‘% 3, 12 = |
] EE L
L j[B0.6 p.4u | 2.2 h.2p 51.4 1.70] 52.8 { 0.20 | 5.7 1. s%.0 |0.10] |58.0{ 0.7D} |62.7 [0.9D "
wing T ¥o spia [38,2 22.2 |38.6 0.8 35.4 13.0 br.2 {.4) 57,7 10.6]  |35.913.7]|35.5  12.8{ |35.0 [12.5
] 2] g 5, 5 "o % " *oo %ol |*co *o fo |
—-
. 155'.5{ 2.00 | #5.9 o.M . }{%3.9} 0.1D] |5%.7 [0.8D @
wing 8 ¥o jspin ¥o spin Ne ispin Xo jspin 39.1] 11,2 | 0.0 10.4 Nolspin| {37.7112.3} |37.3|11.2
% 3 || 6 6 6,8 |l% %
& E Kodel nll;l o d
B0 ,;'E: :;d:;t:om not Tacover. 0" inoer wing wp (deg) (2eg)
°v!.’ atoep Epinm. D Ainner wing down (') (-n.
d' 2pin for any mozment-of~-iner¥is condition. Tos red/sua)
Turns fer
reacvery
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TABLE X1I.- EFFEQCT OF WEIUET VARIATION AT OEINTER OF GRAVITY OF A RESEARGCH
MODEL UPON THE SPIN AND RECOVERY OHARAGTERISTIOS; WING 1 INSTALLED

[Data for weight in at center of gravity obtained from ourrent tests with moments of
inertia decreased; data for weight qnj_ at omter of vity obteined from reference 5
Spin data presented for allerons neutral, rudder

with relative density deoreased.
with the spin; turns for reocovery measuresd when rudder alone is reversed fully and

rapidly, except as noted; key to table given at bottom of pag

Welght at center of gravity Welghtv av center of gravity Weight at center of gravity

In Out

50.2{ 1.8D| [49.5(2.6D W 713,70 [42.3 6.3D 415,30 | h5.2|4,8D
ho.9l 1.5 [52.8]10.6| FLTATOT u3.210.7 |57.7[5.9 | FLEVAEOT lup5 |10.e |36.89.7
1
1}, 1 1} 23, 2% 13 ot, 3% 3%
‘1, a al’ .11];:' lli‘ '.% .1, nlz]f.‘ .'1
53.2 |0.6U 52.6 1.0D kg.7lo.3U 47.1(0.5D F2.8 |0.30] |55.311.5D
Elevator Llevator
36.4|13.6 29.7} 12.3' neutral 38.2 [13.2 32.7|12.2| neutral [5.0 |13.1] |28.7j12.7
e
2%, 2} 1}, 1t 3%, 4 g, 2 oo 5%, 6%
53.1 2,30 |52.8[0.4D 50.3j0.7U [4%.5 1.4V, 53.01.7U( |56.4 0,40
E t
35.9( 16,0 129.2(12.6{ agen " | 36.8|13.1 [|33.2 3.1 [FTRET 55 0 hs7] |es.2 13.4
b 1 . b b
2, 3 1, 12 3 3% I 1 7, 9 6
aRel:u.:vet'y by reversal of both rudder and elevator. ¥odel values oc
Visual estimate. U inner wing up (deg) (aeg)

® oo mesns model did not recover. D inner wing down

v Fa¥
(fps) |(rad/sec}

Turns for
recovery
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TABLE XIII.- EFFECT OF WEIGHT VARIATION AT CENTER OF GRAVITY OF A RESEARCH
MODEL: UPON THE SPIN AND RECOVERY OHARAOTERISTIOS; wWING 2 INSTALLED

Epin data presented fof allerons neutral, rudder with the spin; turns for reocovery

peasured when rudder alone is reversed fully and rapidly, sxcept as noted; Xey
to table given at bottom of pagel ]

Weight at center of gravity Weight at center of gravlty Welght at center of grarvity

In out
-Tail ©
e)
73.3|3.0D
15.2|2.70! 9.3 k.9D 49.8|2.5p| {#7.1)%#.1D
Elevator Elevator 23.3|16.0
36.8{11.9| |30.7 po.8| up up 38.6|11.5| |32.4{10.6
4 af
2, 2§ 12 cs, e | | a7,
[ a a [ af 1 8 af,4
i M| | Cid, 12 o 2f | |ahi e
{e)
71.512.9D
54,81.4D 52.4| 0. 4Dp 50.5{2.3D| [5&.1|2.0D
[Elevator Elevator 22.1116.2
33.6 |14,0 No | spinneutral 34,1134 No | spin|neutral 35,5 13.4 7.85|12. %
T,
r a N
3s 3 l'HJfl ’-l-% (-~ oo l"‘z’: 5
51.6] o 51.0(/0.8D 52.3 10.7D
] Elevator Elevator
33,2 |14.2 No |spinl down 3l ,1]13.8 No {epin| down 4.6 13.8& Ko |spin
f, 4
2%, 2% %, 4 15, “25
8w by reversal of both rudder and elevator. [ g
b.!§2°:;?n 1{ steep and oscillatory. god:kﬂ:;l:::g up (deg) [(deg)
S3oes into & spiral glide. D inner wing down v o
o> peans model would not recovery. (rps) {{(rps)
8Two types of spin, Turne for
Visual observatlion. vecovery
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TABLE XIV.- EFFEQT OF WEIGHT VARIATION AT OLMTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND REOOVERY OHARAOTERISTIOS; WING 3 INBTALLED

Epin data presented for ailerons neutral, rudder with the spin; turns for msocovery
measured when rudder alone 1s reversed fully and rapidly, except as noted; key
to table given at bottom of page|

Welght at oenter of gravity Weight at center of gravity Weight at center of grarvity
In out t ‘In out
Tt i T — drat1 0
29.5(1,1D| |37.4]|3.4D 26.0) 3.5 33.0{5.3D | 32.5{5.0
Elevator Elevator
s54.6]12.1] [bko.4]210.2 up 52.3[ 9.7 up 54,6{11, 45.0]10,5
1
‘% 2 i 3 i
. b b b, b
* 1 P1 1 Py
(I IR
36.911.70 3.7 279 | 37.0]0.3Y
Il tor Elevator
No|epin| |3&.8|12.6 ne:::a.l No |spin No [ apin neutral y7.813.6 |37.812.3
NETY
1, 1 1 13, 13
38.5/8.10] |32.2]3.60)
Elevator . Elevator
No {spin No{spin dow: No | spin No |spin| down 4, 6(14.3 3_6:8 13,1
1 1, 13
8¥1sual estimate. 1 e &
bneoovery by both rudder and elevator reversal. lﬁ!od::n:; :::g up (deg) [ (deg)
CThe spin 18 steep and osoillatory, D inner wing down v —
(fps) | (rps)
Turns for
recovery
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TABLE XV.- prpggT OF WEIGHT VARIATIONS AT OENTIR OF GRAVITY OF A RESEARCH
MODEL UPON TEE SPIN AND RECOVERY OHARAOTERISTIOS; WING ¥ INSTALLED

Epin data presented for ailerons neutral, rudder with the spin; turms for recovery
measured when rudder alone is reversed fully and rapidly, except as noted; key
to table given at bottom of page]

Weight at center of gravity Welght at center of gravity Weight at center of gravity

In Out

o)
31.6 |0.4U 34,6{ 1.3D; 27.5/1.8D| [31.6 5.7D
] 52.3[11.8| | 0.4 10,8 LoTREOT Bttt le1.5(12.1 [15.0 [1o.1
3 bg, 1 2 1
a % lbi’ ..bi a?}' .% a%

8.4 | 0,67 29.6'12.10 36.2|0.6U
Elevator Elevator
No |spin{ [3%.6 l2.4 | neutral ¥o L-pin No |spin|neutral 56.8[1k,0f |38.3[12.3
b, D.
1, P1 z 1, 1
(a)
Elevator Elevator
Ro |spin Ko rpi.n down No jspin No {spln down Ko (spin 37.8113.1
‘Recovery by reversal of both rudder and elevator. Mod..el values e g
Dvigual cbservation. U Anner wing up (deg) | (deg)

SThe spin is steep and oscillatory. D inner wing down
4pata not obtained.

v -
(tps) | (rps)

Turns for
recovery
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TABLE XVI.- gppygpoT OF WEIGHT VAAIATIONS AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY OHARAOTERISTIOB, WING 5 INSTALLED

Epin data presented for allerons neutral, rudder with the spin; turns for recovery

measured when rudder-alone 1s reversed fully and rapidly, except as noted; Xkey
to table given at bottom of page

Welght at oenter of gravity Weight at center of gravity Weight at oenter of gravity
In Out

46.5§0.9D 41.00 0. 4D, 36.5 | 1. 31.5|2.8D

E
uifan.z| | 39.] 10 Toptt Lop o 7.8 |20s5| W

fo)

10.1

1, 1} 3 1

%
1, M ! b % k]

{a) i (o)
T7.5]1.8
52,712.7ul [3%.% | 2.%Y h1,1 14, 33.5| @ 30.4 [1.50
ko212,
ss.uliz.2| e 12,9 ceareey  [40.9 |13.3 | No [epin Elovator lusis|12.6 |u2.2]12.6
1f, 18 1 1, 1 23, 3% 1,1
(@) {o)
53.0[3.0U
52.33.6V 3.1 3.6 45.9{3.10} (34.8 p.1U
34 6jLk.0 No| epan| F1ETANOT 5o 1 1138 No |spn |[E1EVATOR igg gg 39.6 h3.7
1
1, 1f 1L, % 3, 3% 1, 1
aRecovery by reversal of both rudder and elevator. Model valuss oc g
byigusl observation. U Anner wing up (aeg) | (aeg)
Sthe spin is steep and cecillatory. D inner wing down v .
dpyo types of spin. (rps) | (rpu}
Turns for
recovery
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TABLE XVII.- LFFEOT OF WEIGHT VARIATIONS AT CENTIR OF GRAVITY OF A RESEARCH
MODEL UPON TEE BPIN AND RECOVERY OHARACTERISTIOB, yING 6 INSTALLED

Epi.n data presented for allerons Leutral, rudder with the spin; turns for recovery
measured when rudder alcne is rgversed fully and rapidly, except as noted; key
to table given at bottom of pag

Weight at center of gravity Welight at senter of gravity Weight at center of gravity
In In Cut In Out
{e) ()] fe)
45.65.3D| |k2.9/%.0D
Elevator Elevator
1.4 {12.1 36.3/10.9 up up
"1, 1 1§ 1%
b b i ab,
L | % %
(e)
49,4 [1.8D 47.0 3,60 45.16.4D R4, 2| 6.1D| |[k6.5(4.9D
Elevator Llevator )
38.2|13.8| | 31.4 12,8 neutral  j34.6[13.3| |34 pe.6 |neutral |39.113.6| |35.4[12.1
p N 1
1¢ 15, 17 2, 2 2, 25 4, 5% 2%, 2%
4g,7/2.1D: Li-S.O 34D 4y .6(3.00] |41.46.2D %6.d 5.8 | k6.5(5.4D
Elevator Llevator
37.7]14%.4 {32.313.3 down 37.7113.91 |33.2[13.0 down 39.1 14,3 | 33.3|13.4
1 .1 1
15 1x 13, 13 13, of 1,1 2, 24 1%., 3%

2yvigual observation.
bnecavery by reversal of both rudder and elevator. Hodel values o« ¥
U Anner wing up (deg) | (deg)

o
The in is steep and osclllatory.
P P D Ainner wing down

v 2
(fps) | (rps)

Tums for
recovery

27
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TABLE XVIII.- ppppgr OF WEIGHT VARIATIONS AT OENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE BPIN AND RECOVERY OBARACTIRISTIOB, WING 7 INSTALLED

[Bpln data presented for allerons neutral, rudder with the spin; turns for recovery
neasured when rudder alone 1s reversed fully and rapidly, exoept as noted; key
to table given at bottom of page]

Weight at center of gravity Welght at cert er of gravity Welght at center of gravity
In
{c) N
53.0 0.7D 48,5 0,6 59.0/1.1D 4s5,.311.7D
Llevator Elevator ——
39.1 11.8 33.7 10.7] wp up 39.6(11.5{ |35.9]10.5
alé'a 1& 1%’ 1% h%'_-. 2 2&' 2}
by b b b b1 b 1 b
13, 13 1, 1 o B 1, 1
59.3 [0.1D| [56.2 [0.50 54%,611.30| [h5.5{0.2D 56.0{0,2D _58.7 0.6D
3.1 jho | [28.7 12,5 | ELeYator  l35ulia.8l B3.6 [12.4|Feorear; | 35.4(13.6) |28.713.3
1 1 1 a ] a
% 3% 25 23 6% 1¢ 25, 2¢ co %3, "5
ss.J 0.1 53.1 n.40 53.6|1.3U] |46.9(2.6U 57.8{0.30 |57.1 0.4y
Elevator Llevator
24,1 143 |28.7 13.0{ dowm 35.0|13.2] }31.8{13.0] down 35.0/14.3] | 28.7]13.7
2%» 3 2%‘-, 2% 51]1:-, 6% gllr, 2%- * o .'11, 11%-
2yisual observation. =
Recovery by reversal of both rudder and elevator. Model values (aeg) | ( d.g y
®The spin is steep and oscillatory. U Ainner wing up °g g
D inner wing down v <2
(rps) | (rps}
Tuns for
recovery
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TABLE XIX,- EFFEOT OF WEIGHT VARIATIONS AT OENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY OHARACTERISTIOS, WING § INSTALLED
Epin deta presented for ailerons reutral, rudder with the spin; turns for recovery
neagured when rudder alone is reversed fully and rapidly, except as noted; key
to table given at bottom of page]

Weight at center of gravity Welght at center of gravity Weight at center of gravity

In out In Out In Out

(bl
43,5/ 0.5Df {h2.4{2.5D
Elevator Elevator
i, 1l11.0f |38.7(9.9 up up
1 1
&
& 3
1)) (b)
55.1] 0,70 |48.7(1.30 46.212.2v hs.2)1.60! [50,7]0.20
Elevator Llevator
35.9|13.6] ]30.5|12.3|neutral 4o.4]13.1 neutral 37.7(13.% }31.0[12.5
2%, 2 2, 2 . 3% 3%
52.9]2.10| |4s.1}2.0 47.7/2.7U0 51,1/1.90| {4%.9(1.9U
Elevator Elevator
25.9{14.2] !31.8(13.0{ down 4p.0(13.1 No |epin | down 37.214.2| |31.0/12.9
ok 2k | | 13 ¢ 2, 2 5,5 3, %

dder and elsvator.

%Recovery by reversal of both rudder elsva Hodel valuss ec é

The spin s steep and oscillatory. U .inner wing up (deg) |(deg)
D inner wing down

v e
(fpe) |(rps)

Turns for
recovery
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Figure 1.- A model spinning in the Langley 20-foot free-spinning tunnel.
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Figure 2.- Low-wing monoplane model with detachable tail and wing.
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Figure 3.- Low-wing monoplane model .
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Wings 1, 2, 1
5 and 6 5,_‘34”
/4
,[ _ 30,00% ! i £3
Wings land 2 ~~——"— e _1
! |
! 500"
P LR
Wings 3 and 4 : )_.E'
—
48’
Wing 5  =—— — J’:
V/4
LLOE
Wing 8 -~ =

Wing 7

Wing 8

— " _ao?
57 w29

Figure 4.- Diagrams showing plan forms and frontal views of
wing models.
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Figure 5.- Wing models used in tests.
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Wings 1, 2,
5and 8

Wings 3and 4

Wing 7

Wing 8

vl

PFigure 6.~ Interchangeable wings of low-wing monoplane model. .ﬂ@:l
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Tail A Tail B Tai} C Tail D

Figure 7.- Tails used on low-wing monoplane.
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Figure 8.- Interchangeable tails of low-wing monoplane model,



